An experimental investigation has been undertaken on chopped strand mat 450-R-glass fiber and woven 600-glass fabric reinforced polyester (CGRP and WGRP) composites to study their tribological performance. In the present work, the tribological characteristics of both CGRP and WGRP composites were measured in three principal sliding directions relative to the chopped glass mat (CSM) and woven glass fabric (WGF) orientations in the composites. The friction and wear results are presented as function of normal loads, test duration/sliding distances, and sliding velocities for P, AP, and N-orientation of both CGRP and WGRP.
1.INTRODUCTION
Tribo-properties of polymer composites cannot be predicted a priori and have to be evaluated experimentally. Several works have been carried out on sliding wear of glass fiber reinforced different polymer composites [1] [2] [3] [4] and glass-fiber reinforced polyester [5, 6] but less so for chopped glass strand mat [7, 8] and woven glass fabric [7] reinforced polyester. Therefore, an experimental investigation was carried out to study the effects of sliding speeds (1.1, 1.2, 1.7, 2.8, and 3.9m/s), normal loads (30, 50, 70, and 100N), and sliding distances (0.5km to 7km) for different orientations.
EXPERIMENTAL WORK AND RESULTS
Chopped strand mat R-glass fiber R/P 450 and woven roving R-glass fabric R/P 600 were selected as reinforcement materials and polyester as a thermosetting resin material. A hand-lay up technique was adapted to fabricate the chopped strand mat glass fiber reinforced polyester (CGRP) and the woven glass fabric reinforced polyester (WGRP) composite. The CGRP and WGRP composite specimens are shown in Fig.1 . The wear rates of CGRP and WGRP composites in Norientation are substantially and consistently larger than those obtained for both P and AP orientations, typically, two orders of magnitude higher. This is due to less amount of polyester debris which removed from the composite surface, in these orientations, as a result of rubbing between the hard phase (CSM or WGF layers) and the counter face. Thus, among the three orientations tested, the wear rate was in the following order N>> P>AP at higher speed level and N>> AP>P at lower speed level. Considering Fig. 2 , the P and AP-orientation gave wear rate, 2-3 times less (or 55%-65% less) than N-orientation at 50 N normal load and 3-5 times less (50%-80% less) at 70 N normal load. Moreover, there was no remarkable difference in wear rate between P and AP directions except the turning points (overlap) at A and B, Fig.2a and b. Therefore, the speed range tested may be divided into two ranges, lower range (up to 2.5m/s) and upper range (above 2.5 to 3.9m/s) and in each range, the composite in P and AP-orientation behaved differently.
Sliding in P-orientation gave higher wear rate at speed above 2.5m/s compared to AP-orientation which is attributed to deterioration of fibre matrix adhesion and broken and/or pulls 
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out glass fibre due to higher interface temperature as a result of higher speed and load, Fig.3 . In AP-orientation, less wear rate was observed at speed above 2.5m/s. This is due to most of the broken, pulled out, and fractured fibers being trapped and embedded in the softer phase of the composite (polyester) and hence the rubbing process was predominated by the characteristics of the CSM (better wear resistance of glass fiber). Similar to the wear rate, the friction coefficient of both CGRP and WGRP composites in N-orientation were higher compared to P and AP orientations, for CGRP was about 25-55% higher and for WGRP was 20%-40% higher, Fig4 a&b.
Although sliding wear tests were conducted against smooth stainless steel counter face, various wear mechanisms were observed which showed abrasive wear nature. These mechanisms are micro crack initiations in the matrix, deterioration in fiber matrix adhesion, polyester debris formation, fiber fracture, fiber fragmentation, and fiber peeling off.
